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We report perfusion weighted imaging (PWI) findings of nonenhanced anaplastic astrocytoma in a 30-year-old woman. Brain magnetic resonance im-
aging showed a nonenhanced brain tumor with mild peritumoral edema on the right medial frontal lobe and right genu of corpus callosum, suggest-
ing a low-grade glioma. However, PWI showed increased relative cerebral blood volume, relative cerebral blood flow, and permeability of nonenhanced
brain tumor compared with contralateral normal brain parenchyma, suggesting a high-grade glioma. After surgery, final histopathological analysis re-
vealed World Health Organization grade Il anaplastic astrocytoma. This case demonstrates the importance of PWI for preoperative evaluation of nonen-

hanced brain tumors.

Key Words : Anaplastic astrocytoma - MRI - Perfusion weighted MRI.

INTRODUCTION

Glioma is the most common primary tumor of the brain, vary-
ing histopathologically from low to high grades”. Gadolinium-
enhanced magnetic resonance imaging (MRI) plays a crucial role
in the evaluation of glioma'”. However, the utility of this approach
is limited because 15-45% of nonenhanced gliomas are malig-
nant (i.e., anaplastic astrocytoma) and some enhanced gliomas
are benign (i.e., pilocytic astrocytoma)®. Perfusion weighted im-
aging (PWI) is widely used for preoperative evaluation of glio-
ma, but few studies of the usefulness of PWTI solely in nonen-
hanced glioma have been reported*”. Here we describe the cri-
tical role of PWT for evaluation of tumor grade in nonenhanced
glioma.

CASE REPORT

Patient

A 30-year-old woman who had recently given birth was hos-
pitalized for headache and nausea that developed 24 hours pre-
viously. On neurological examination, she had visual disturbance,

just before headache onset. Motor and sensory function of the
upper and lower extremities were intact. Nonenhanced brain
computed tomography (CT) showed a tumor-like lesion with
peritumoral edema at the right medial frontal lobe and right genu
of corpus callosum. Two days after CT examination upon admis-
sion, enhanced brain MRI and PWT were obtained for evaluation
of her brain tumor and she was injected with 30 mg predniso-
lone due to MR contrast allergy.

Imaging acquisition

MRI was performed on a 3T MR system (Philips Medical Sys-
tems, Best, The Netherlands) with a 32-channel sensitivity en-
coding (SENSE) head coil. The order of MRI scans was nonen-
hanced three-dimensional (3D) sagittal T1-weighted imaging
(T1WI), axial fluid attenuated inversion recovery, axial dynamic
contrast-enhanced (DCE) PWI, axial and coronal T2-weighted
imaging (T2WI), dynamic susceptibility contrast-enhanced (DSC)
PWI, and enhanced 3D sagittal TIWI. DCE PWI was performed
using a 3D spoiled-gradient recalled echo sequence and DSC
PWI was obtained with a 2D axial T2*W gradient echo planar
image. The imaging parameters were as follows : for DCE PWI
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(TR/TE/FOV /voxel size/dynamic scan time/acquisition matrix/
reconstruction matrix/acquisition voxel size/reconstruction vox-
el size/dynamic scan/SENSE factor/number of slices/flip angle=
4.4 msec/2.2 msec/210x210 mm*/1.25x1.25x3.5 mm/2.5 sec/1
68x168/192x192/1.25x1.25x7/1.09x1.09x3.5/106/2.2/23/10°)
and DSCPWT (1800 msec/35 msec/220x220 mm?/1.72x1.72x
4.5 mm/1.8 sec/128x128/128x128/1.72x1.72x4.5/1.72x1.72x4.
5/50/2/24/40°).

Imaging processing

MR perfusion data was post-processed using the NordicICE
perfusion module (Nordic ICE; NordicNeuroLab, Bergen, Nor-
way). Normalized all-perfusion maps were obtained and co-reg-
istered with enhanced T1WT and T2WTI using this software. From
DSC PWI, we obtained relative cerebral blood volume (rCBV)
and relative cerebral blood flow (rCBF) from regions of maximal
solid tumor abnormality on each color map. From DCE PWI,
permeability (K™) and area under the curve (AUC) were derived
using a pharmacokinetic modeling algorithm in regions of max-
imal tumor abnormality on each color map. Three regions-of-in-
terest (ROIs) were defined at the solid portion of the tumor on
AUGC, peritumoral edema on T2WTI, and contralateral normal
brain. We used three ROIs because we wanted to establish perfu-
sion alterations of the tumor and peritumoral edema compared
with normal brain parenchyma.

Results of brain MRI confirmed the presence of a tumor, which
had low signal intensity on T1WI, but high signal intensity on
T2WI. Gadolinium-enhanced T1WI showed a tumor without
enhancement (Fig. 1). There was a local mass effect on the adja-
cent right lateral ventricle and a small amount of associated ede-
ma (Fig. 1). Correspondingly high rCBV, rCBE AUC and increas-
ed permeability color values were detected (Fig. 2, 3). Maximal
rCBV and rCBF ratios were also high, at 3.6 and 3.1, respectively.
There was a mismatch between the perfusion maps, which sug-
gested high-grade glioma, and enhanced TIWI, which suggest-
ed low-grade glioma.

Surgery and histopathology
She underwent frontal craniotomy and subtotal excision of

A

Fig. 1. T2-weighted image (A) shows homogenously hyperintense mass
with mild peritumoral edema and contrast-enhanced T1-weighted image
(B) shows homogenously hypointense mass without enhancement on the
right medial frontal lobe and right genu of corpus callosum.

the tumor. The mass tend to have infiltrative nature with poorly
delineated margins that grow into the surrounding tissue, mak-
ing it difficult to completely remove during surgery. It was histo-
pathologically consisted of elongated cells, spongiform foci of as-
trocytes, large gemitocytes with fibrillar network and microcystic
changes. The tumor cells displayed increased cellularity, mitotic
activity, distinct nuclear atypia and focal hemorrhage. Tumor cells
were immunopositive for glial fibrillary acidic protein. Ki-67 in-
dex was approximately 20% in the highest proliferating areas. A
diagnosis of anaplastic astrocytoma, World Health Organization
grade III, was made. In the two weeks after partial tumor resec-
tion, she was treated with adjuvant radiation therapy to right fron-
tal lobe; total dose of 6300 cGy in 30 fractions at 210 cGy/fraction
was given from 6th March to 24th April 2012. In April 2012, all ra-
diation therapies were stopped after proving complete remission.
She was followed clinically and with serial MRI scans at one month
and then six month intervals thereafter. Presently, she has some
complications such as hair loss but no evidence of remained tumor.

DISCUSSION

Grading of glioma is of clinical importance because high-grade
glioma is usually treated with adjuvant chemo- or radiotherapy
after resection, whereas low-grade glioma is not”.

Traditionally, the extent of contrast enhancement has been a

Fig. 2. Perfusion color maps derived from dynamic susceptibility contrast-
enhanced perfusion weighted imaging show that the visual increase in
the relative cerebral blood volume of 3.6 (A) and relative cerebral blood
flow of 2.0 (B).

Fig. 3. Perfusion color maps derived from dynamic contrast-enhanced
perfusion weighted imaging show that the visual increase in the area un-
der curve (A) and permeability (K™™) (B).
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marker of malignancy. On gadolinium-enhanced MRI, most
high-grade gliomas exhibit moderate to strong enhancement,
whereas the low-grade gliomas show minimal or no enhance-
ment”. However, a broad spectrum of histological types may pres-
ent as nonenhanced glioma. Thus additional MRI features such
as solid tumor heterogeneity, cyst formation, necrosis, mass ef-
fect and peritumoral edema, are correlate significantly with ma-
lignant behavior*'”’. In addition, the risk of anaplasia increases
significantly with patient age”. However, these factors are not
critically correlated with tumor grade. Therefore, in nonenhanced
brain tumors, preoperative grade evaluation on conventional
brain MRI is often difficult.

The two most important factors in determining glioma malig-
nancy are the ability to infiltrate the brain parenchyma and to syn-
thesize and proliferate vascular networks for further growth.
Therefore, direct measurement of angiogenesis by activated en-
dothelial cells is a primary criterion for grading of the biological
aggressiveness and histology of glioma®'"”. PWT has been used for
assessment of tumor vascularity. rCBV and K™ have been shown
to correlate reliably with tumor grade and histological tumor mi-
crovascularity findings*™"". In our case, we examined DSC and
DCE PWI findings of nonenhanced anaplastic astrocytoma. We
simultaneously described rCBV (AUC), rCBE, leakage and per-
meability changes in anaplastic astrocytoma. Although rCBV and
permeability have been correlated with glioma, the correlations
of three parameters including rCBF with nonenhanced anaplas-
tic astrocytoma determined by both DSC and DCE PWT have
not been determined. Furthermore, maximum rCBV in peritu-
moral edema and normal white matter were also determined in
this study. The results indicated the presence of rCBV ratio com-
pared with normal brain parenchyma. Increased peritumoral per-
fusion may have been due to tumor infiltration. In anaplastic as-
trocytoma, we hypothesize that peritumoral edema demonstrates
not only an altered capillary morphology but also scattered tumor
cells. Taken together, the DSC and DCE values of the solid por-
tion of the tumor and peritumoral edema on PWT add more in-
formation to that obtained by conventional MRI for differentia-
tion and grading of nonenhanced glioma®.

Gadolinium-enhanced MRI reflects disruption of the blood-
brain barrier, and not tumor angiogenesis”. Formation of new
blood vessels is critical for tumor growth, and vascular prolifera-
tion of glioma is a diagnostic criterion for malignancy”. Increased
vascular diameter, vessel wall thickness and vessel numbers are
common histopathological findings in high-grade glioma, hence,
these features should lead to increased blood volume measure-
ments by DSC and DCE MRI*'"'"?., Several studies have demon-
strated the relevance of assessment of tumor angiogenesis for di-
agnosis of glioma and in treatment planning and follow-up"*'".
CBV maps can be used to assess tumor neovascularity, which is
thought to correlate with tumor grade"”. rCBF has been studied
as part of the preoperative assessment of tumor grade only rarely
compared with rCBV. Shin et al."”’ demonstrated 17 patients with
proven glioma and determined rCBF in addition to the rCBV of
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glioma with promising results. Furthermore, rCBV and rCBF
measurement may reduce the sampling error in the histopatho-
logical diagnosis of glioma, improving the selection of targets for
stereotactic biopsy and facilitating non-invasive differentiation
of radiation necrosis from recurrent tumor”. In addition, perfu-
sion maps may aid early evaluation of therapeutic agents, particu-
larly those aimed at suppressing growth of tumor blood vessels”.

Migration into neighboring cells and tissues is a key feature of
glioma which increases as it progresses from low to high grade.
Tumor cell extravasation and infiltration is facilitated by extra-
cellular matrix degradation. The resulting breach of the blood-
brain barrier is associated with many pathological conditions of
the brain"”. K™ was found to differentiate low-grade from high-
grade glioma. Also, perfusion indices may prove to be important
in the assessment of tumor progression, provided the follow-up
data are available to determine its correlation with changes in tu-
mor behavior following chemoradiotherapy'**.

In conclusion, combined DCE and DSC PWI can be used to
grade nonenhanced brain glioma non-invasively, which may fa-
cilitate appropriate treatment planning and management of these
patients.
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